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Background: Chronic wounds were previously related to cancer. Chronic Traumatic Ulcers (CTU) are lesions caused 
by chronic mechanical irritation (CMI) frequently diagnosed in Oral Medicine. Although these conditions may re-
flect a benign nature, some authors have proposed its relationship with malignant transformation. Currently, there are 
scarce investigations that evaluate biomarkers within CTU. The aim of this study was to evaluate cell differentiation 
and proliferation biomarkers patterns of CTU and OSCC through recognized markers such as cytokeratin 19 and 
Ki67 and correlate it with clinical features of both groups of patients.
Material and Methods: A Cross-sectional study of adult patients (n=79), both sexes, attended at Oral Medicine De-
partment, Facultad de Odontología, Universidad Nacional de Córdoba. The patients were classified into two groups: 
CTU (n=41), and OSCC (n=38). A subset of specimens were immunolabeled with Ki67 and Ck19.
Results: The population consisted of 51.9% male and 48.1% female, with an average of 57.0 ± 13.9. years (OSCC 
group) and 60.9 ± 14.9 years (CTU group). OSCC group presented higher scores for both biomarkers (Ki67 and 
Ck19), but only there were differences statistically significant for Ki67 (p=0.032). 25% of non-healing CTU were 
positive with medium scores of Ck19 and showed an immunohistochemical profile similar to OSCC. The lateral 
tongue was the most frequent site in both groups.
Conclusion: The altered immunohistochemical pattern found in many specimens of CTU was also observed in 
OSCC. The tongue border presents physiological conditions that could offer a suitable environment for the develop-
ment of neoplastic events associated with CMI. Further studies are needed to understand the underlying mechanisms 
that could link oral non-healing ulcers with early malignant changes.
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Material and Methods
A cross-sectional study of adult patients (n=79), both 
sexes, spontaneously attended at the Oral Medicine 
Department, Facultad de Odontología Universidad 
Nacional de Córdoba, was carried out between 2015 
and 2018. All procedures performed in studies involv-
ing human participants were in accordance with the 
ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki decla-
ration and its later amendments or comparable ethical 
standards. This study was approved by the Health Re-
search Ethics Institutional Committee of Facultad de 
Odontología Protocol N° 11-T and Hospital Cordoba 
CIEIS (Protocol N°1378).
- Clinical exam
The medical-dental, bio-socio-demographic data, and 
risk factors for OSCC were recorded in clinical his-
tory. Tobacco consumption was classified as never 
smokers, light smokers (365-100.000- lifetime smoked 
cigarettes), and heavy smokers (> 100.000-lifetime 
smoked cigarettes). Alcohol consumption was classi-
fied as never drinkers, casual drinkers (up to 3 drinks 
per week) and drinkers (more than 3 drinks per week). 
Mate consumption was recorded by anamnesis and 
classified according to the infusion temperature in no 
mate consumption, warm, hot or very hot”.
The patients were grouped by clinical-histopathologi-
cal diagnosis in:
1. CTU: (n=41) according to the criteria of Piemonte 
et al: a) Presence of an objective clinical lesion (CTU) 
with evolution of over a month. b) The traumatic source 
must be present before the onset of the lesion (estab-
lished by anamnesis) c) The traumatic agent must be 
in direct contact with the lesion, during functional/
parafunctional movements or decubitus position (5). 
Fig. 1 shows the CMI control protocol carried out in 
the CTU group.
Introduction
A century ago, malignant tumors were considered as 
wounds that do not heal. The micro-tumoral environ-
ment shares similar pathogenic features with a chronic 
wound (1) and chronic inflammation is considered one 
of the hallmarks of cancer (2). For example, Marjolin ś 
ulcer is considered as a carcinomatous degeneration 
of a chronic skin wound of traumatic origin and its 
malignant transformation is unquestionable among the 
dermatological field. Chronic inflammation and heal-
ing failures described in skin ulcers are etiological 
features associated with malignant transformation (3).
Non-healing ulcers associated with persistent inflam-
matory factors have been previously correlated with 
the development of Oral Squamous Cell Carcinoma 
(OSCC) (4). Chronic mechanical irritation (CMI) 
of the oral mucosa could lead to the development of 
several oral lesions including the so-called Chronic 
Traumatic Ulcer (CTU). This condition is originated 
by dental, prosthetic and/or functional factors (5). An 
animal model of CTU was previously studied suggest-
ing the promoter role of CMI during oral carcinogen-
esis and the clinical relevance of CMI in patients with 
subclinical tumor initiation (6). Recently, an Indian 
group proposed that CTU located on the lateral border 
of the tongue could be considered an Oral Potentially 
Malignant Disorder (OPMD) (7). Nevertheless, the 
relationship between CMI and oral carcinogenesis is 
still a debatable topic.
The identification of cellular biomarkers patterns in 
CTU could allow the recognition of early signs of ma-
lignancy and could be helpful in monitoring programs 
and/or early diagnosis of OSCC. The study of epithe-
lium biomarkers within a chronic-irritation damaged 
tissue would constitute the first step to analyze the 
common pathogenic mechanisms among both condi-
tions. Nowadays, there is scarce evidence regarding 
biomarkers of oral CMI-associated lesions.
In the early stages of OSCC, cytokeratins (Cks) have 
been proven as biomarkers of cellular differentiation 
patterns. Cks are intermediate filaments of the cyto-
skeleton of keratinocytes and recognized markers of 
stratified epithelial differentiation (8). Changes in the 
expression of Cks have been widely studied in pre-
malignant and malignant lesions (9). Since Ck19 was 
found in suprabasal layers of dysplastic lesions, it was 
suggested as a biomarker of early oral carcinogenesis 
(10). Cyclin Ki67 is a recognized proliferation bio-
marker. It is a protein strictly confined to the nucleus 
with an important role in the regulation of the cell 
cycle (11). The aim of this study was to evaluate a dif-
ferentiation and cell proliferation pattern through rec-
ognized markers (Ck19 and Ki67) and clinical features 
of CTU and correlate it to the OSCC obtained pattern. Fig. 1:Study Protocol of follow up with the CTU group.
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2. OSCC (goal group): (n=38) patients who presented 
OSCC, In Situ Carcinoma  and Verrucous Carcinoma, 
confirmed by routine anatomopathological examination 
(ICD-10 code C00.3-C00-6, C01-C06, and D00.0)
Exclusion criteria were treatment with medication such 
as corticosteroids or chemotherapy drugs, systemic 
diseases that could modify the clinical behavior of oral 
lesions, and oral ulcers that could not be clinically as-
sociated with a traumatizing agent (i.e. aphthous or in-
fectious ulcers).
Regarding the histopathological criteria, the micro-
scopic observation of a loss of deep epithelium with a 
fibrin membrane was an essential requirement for the 
inclusion of the CTU group. Furthermore, they could 
present one or more of the following histopathological 
features: epithelial hyperplasia, hyperparakeratosis, 
acanthosis, and mild dysplasia. On the underlying con-
nective tissue, fibrosis and chronic inflammation could 
also be observed. The presence of eosinophils was not 
considered an exclusion criterion. Traumatic Ulcerative 
Granuloma with Stromal Eosinophilia (TUGSE) is con-
sidered by several authors as a non-healing ulcer with 
a histological presence of eosinophils next to the dam-
aged muscle that could be associated with CMI (12,13). 
In the clinical context of the CMI criteria used in this 
study, TUGSE was considered (according to the above 
cited authors) as a subtype of CTU with a particular fea-
ture of eosinophils infiltrate.
- Immunolabeling
Immunostaining of Ki67 and Ck19 was performed 
in a subset of 16 NHCTU and 18 OSCC. Samples of 
4 µm were picked up from paraffin blocks of biopsied 
specimens. The sections were dewaxed, dehydrated and 
washed with distilled water. The immunolabeling was 
performed by peroxidase-antiperoxidase and avidin-
biotin technique following the manufacturer’s protocol. 
The following primary antibodies were used: concen-
trated rabbit anti-human Ki67 (CellMarque, SIGMA 
ALDRICH, USA), and concentrated monoclonal mouse 
anti-human Ck19 (CellMarque, SIGMA ALDRICH, 
USA). The results were considered positive when a 
brown color appeared in the cell cytoplasm for Ck19 
and nucleus for Ki67. All samples were countercoloured 
with Harris hematoxylin.
The immunolabeling was categorized as negative 
(score=0): 0 % positive cells; low (score=1): <10% of 
positive cells, medium (score=2): 10–29% positive cells, 
and strong/high  (score=3):≥ 30% of positive cells, ac-
cording to Vasca et al criteria (14). 
- Statistical analysis
The data was described by statistical parameters as 
average/median, standard error/Rank for quantitative 
variables, and relative or absolute frequencies for quali-
tative variables. Chi-Square and Fisher test evaluated 
the association between groups and estimated Odd Ra-
tio (OR) with 95% Confidence Interval (95%CI). For all 
test, p-value <0.05 was set for statistical significance. 
Data were analyzed with the Infostat software 2018 pro-
fessional version and R-software (www.r-project.org).
Results
- General characteristics
The population consisted of 51.9% (41/79) males and 
48.1% (38/79) females (Table 1), with an average age of 
57.0 ± 13.9 years for the OSCC group and an average of 












Female* 15 (39.5) 23 (56.1)
0.139 1.96 0.81 4.75
Male 23 (60.5) 18 (43.9)
Location
Tongue* 26 (68.4) 18 (43.9) 0.041 2.77 1.12 6.86
Others 12 (31.6) 23 (56.1)
Tobacco
Never Smoker 21 (55.3) 19 (46.3)
0.217Light Smokers 5 (13.1) 12 (29.3)
Heavy Smokers 12 (31.6) 10 (24,4)
Alcohol
Never Drinkers 18 (47.4) 19 (46.3)
0.657Casual Drinkers 9 (23.7) 13 (31.7)
Drinkers 11 (28.9) 9 (22.0)
Mate consumption
No consumption 13 (34.2) 16 (39.0)
0.372
Warm 5 (13.2) 8 (19.5)
Hot 6 (15.8) 9 (22.0)
Very hot 14 (36.8) 8 (19.5)
OSCC: oral squamous cell carcinoma; CTU: chronic traumatic ulcer; OR: odd ratio; CI95%: confidence interval 95%; LB: low bound; UB: 
upper bound; p-values < 0.05 represent significant association among variables; * Reference category
Table 1: Demographic, risk factors and clinical features of the population under study.
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OSCC (n=38) and CTU (n=41) groups showed similar 
characteristics concerning risk factors such as tobacco, 
alcohol and mate consumption. The subsite location 
of oral lesions showed a significantly higher frequen-
cy in the lateral border of the tongue in patients in the 
OSCC group (OR = 2.77, CI95% [1.12, 6.86], p-value = 
0.0412) (Table 1). In addition, 67% of OSCC patients, 
were diagnosed when the tumor size was less than 4 
cm: Tis(13,16%), T1(21,05%) and T2(34,21%) by TNM 
classification.
There were analyzed 41 CTU of which 25 showed com-
plete healing after CMI removal. The remaining 16 Non-
Healing CTU (NHCTU), mostly located on the lateral 
tongue border (61%), were biopsied to rule out OSCC. 
In relation to the presence of CMI associated with 
OSCC, only 18.4% (7/38) of the patients did not present 
CMI during the oral examination. Among patients who 
presented CMI factors, prosthetic or removable factors 
were more frequent in the CTU group, while fixed or 
dental factors, functional factors, and combined factors 
were more frequent in the OSCC group. For each source 
of CMI, the statistical significance was minor than 0.05, 
except for combined factors that showed a p-value close 
to the statistical significance (p = 0.052). The compari-
son of the frequency for each CMI factor between Heal-
ing CTU (HCTU) and NHCTU, repeated the previous 
pattern of CMI (CTU vs. OSCC), while when compar-
ing NHCTU with OSCC there were no differences in 
the frequency pattern (Table 2).
Table 3 shows the main histological features observed 
in the NHCTU group.
- Immunolabeling:
OSCC group presented higher scores for both biomark-
ers (Ki67 and Ck19), but only there were differences 
statistically significant for Ki67 (X2, p=0.032). Table 4 
shows the different scores of immunostaining for each 
biomarker found in both groups of study.
Most of the cases which showed medium and high scores 
of Ki67-expression were also Ck19 positive (9/12 OSCC 
samples with medium and high Ki67 scores, showed 
medium/high Ck19 scores; 3/3 NHCTU samples with 
medium Ki67 scores, showed medium scores of Ck19 
with a suprabasal pattern).
In concordance with the most prevalent location, the lat-
eral border of the tongue was also the subsite with the 
most presence of positive cells of immunolabelling be-
tween both groups. 70% of OSCC specimens with me-
dium and high scores of both markers were located on 
the lateral tongue border. Verrucous carcinomas were 
negative for Ck19 expression regardless of the subsite 
of location.
NHCTU located on the lateral tongue were associated 
with a mixed source of CMI, with a prevalence of den-
tal (fixed) and functional factors with medium scores 
of Ki67/Ck19. NHCTU located on the vestibular sulcus 
(associated with prosthetic trauma), showed negative 
Ck19 scores and low Ki67 scores. There was no rela-
tionship between other risk factors such as tobacco, al-
cohol and mate consumption, histological features, and 
the immunoexpression scores.  Fig. 2 illustrates the dif-
ferent patterns and scores of immunolabelling among 















n 41/31 16/25 16/31
Dental 16/22 3.8(1.4-10.3) 0.007 12/10 4.5 (1.12-18) 0.028 12/22 0.8(0.2-3.2) 0.52
Prosthetic 24/8 4(1.4-11.2) 0.005 4/15 4.5 (1.12-18) 0.028 4/8 1.1(0.3-4.1) 0.56
Functional 18/22 3.1(1.16-8.4) 0.02 11/8 4.6 (1.2-18) 0.021 11/22 1.04(0.26-4.1) 0.62
Combined 17/20 2.5(0.98-6.7) 0.052 11/7 5.6 (1.4-22.3) 0.01 11/20 0.82(0.23-3) 0.52
CMI: chronic mechanical irritation; CTU: chronic traumatic ulcer; NHCTU: non healing chronic traumatic ulcer; HCTU: healing chronic trau-
matic ulcer; OSCC: oral squamous cell carcinoma; OR: odds ratio; OSCC includes only CMI associated cases; *Analyzed through Chi-Square 
test; † Analyzed through Fisher test
Table 2: Comparison of CMI factors.
Case 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Hyperkeratosis + + - + + + + + + + - + - + + +
Epithelial hyperplasia + + + - + + + + + + + + + + + +
Mild dysplasia + - - - + + - + - - - - + + + -
Fibrosis + + + + + + - - + + - - - + + +
Chronic immflamation + + + + + + - + + + - + + + + +
Necrosis - + + - - + - - + + - - - + + -
Eosinophils - - - - - - - - - + - - - - - -
Table 3: Main histopathological findings in Non-Healing Chronic Traumatic Ulcers.
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Discussion
Our results showed that a subset of NHCTU, mainly 
located on the lateral border of the tongue, showed a 
suprabasal pattern of Ck19, which was not described be-
fore. Furthermore, these features, usually associated to 
early oral carcinogenesis, were found in NHCTU. Cks 
were widely studied in the field of OSCC and OPMD. 
Ck19 is eventually found in the basal layer of the normal 
oral epithelium of non-keratinized mucosa, but overex-
pressed in OSCC (15), OPMD, and epithelial dysplasia 
(16). Ck19 was also proposed as a nonspecific Oral Ke-
ratinocytes Stem Cells (OKSC) marker (17). Kale et al, 
found a suprabasal expression of Ck19 in normal oral 
mucosa adjacent to OSCC suggesting that this supra-
basal expression never occurs in non-malignant tissue 
and depicts not only a simple hyperproliferative status 
but also a marker associated with premalignancy (18). 
However, Ck19 observed in NHCTU could be indica-
tive of an immature epithelium related to unsuccessful 
healing mechanisms and could not be associated specif-
ically with malignancy. A chronic injury leads to a heal-
ing process that involves the migration and the develop-
ment of a hyperproliferative environment of OKSC next 
to the edges of the wound. This process requires tightly 
controlled mechanisms that balance epithelial cell pro-
duction and loss (19). Epithelial immature cells, such as 
Biomarker Score OSCC (n=18)n (%)
NHCTU (n=16)
n (%) X² p-value
Ck19
0 6 (33,3) 8 (50)
3.14 0,37
1 3 (16,6) 4 (25)
2 7 (38,4) 4(25)
3 2 (11,1) 0
Ki67
1 6 (33,3) 13 (81,2)
7.38 0,0322 11(61,1) 3(18,8)
3 1(5,5) 0
OSCC: oral squamous cell carcinoma; NHCTU: chronic traumatic ulcer.
Table 4: Immunolabelling for Ck19 and Ki67.
Fig. 2: Immunolabeling of Ck19 and Ki67 for Non-healing CTU and OSCC group. The black arrow indicates posi-
tive immunolabeling of nuclei and white asterisk indicates positive immunolabeling of cytoplasm. The immunos-
taining was considered negative when observed 0–5% positive cells. The analysis of the samples was performed 
by a single-blind examiner. The positive immunostaining was counted for each group and expressed. Stacked 
bars represent the percentage of immunolabelled samples for each biomarker used according to their score (nega-
tive low-medium-high). The sections were analyzed by optical microscopy at a magnification of 20X and 400 X. 
p <0.05 indicates statistical significance. 2A- OSCC of the lateral tongue diagnosed at an early stage. 2B- Islet 
cells with Ck19 positive cytoplasm. OSCC group. 2C-High index of Ki67, OSCC group. 2D- Non healing Chronic 
Traumatic Ulcer located on the lateral tongue associated with sharp cups and parafunctional habits (tongue inter-
position). The ulcer did not heal after 15 days of the CMI source control. 2E Niches of Ck19 positive cells with a 
suprabasal pattern found within the hyperplastic epithelium of the edges of the NHCTU. 2F Suprabasal expression 
of Ki67, NHCTU group. Nuclear alterations were evidenced with the Ki67 immunostaining.
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those normally found during renewal, are considered the 
target of carcinogens that could lead to accumulation of 
genetic changes (20). 
Many studies highlighted an increase of Ki67 expression 
in dysplastic lesions (21) and its association with the clin-
ical severity of the disease (22). The persistent expres-
sion of suprabasal Ki67 could be represented by cellular 
subclones with an invasive ability and the consequent 
development of a precancerous tumorigenic niche (23). 
The increase of cell proliferation due to CMI was pre-
viously proposed as a predisposing event in a multistep 
model of oral carcinogenesis (5). NHCTU would meet 
those requirements and could act as a promoter cofactor 
in malignant transformation (24). 
Regarding ethical concerns, the natural story of human 
CTU cannot be entirety studied due to the need to ap-
ply therapeutic protocols. Control of traumatic sources 
prior to diagnosis biopsy could have partially modified 
the proliferation patterns of NHCTU. In consequence, 
the obtained patterns in those cases, may not reflect the 
genuine scenario at the time of the first visit. Regarding 
this, a suprabasal Ki67 pattern was observed in a subset 
of NHCTU. However, the persistence of these markers 
in NHCTU, even after having eliminated traumatizing 
agents, could be associated with exaggerated mecha-
nisms of re-epithelialization in response to an unresolved 
traumatic wound.
CMI-associated OSCC and NHCTU were predominantly 
located on the lateral border of the tongue, and mainly 
related to dental and functional CMI factors. On the other 
hand, it was observed negative or low scores among CTU 
located on the buccal mucosa or the vestibular sulcus and 
related to prosthetic CMI. The location and the source 
of CMI could condition the different pathways of tissue 
damage or healing process. OSCC arises most frequently 
at high-risk areas such as the ventrolateral tongue and 
the floor of the mouth. The lateral border of the tongue 
shows a non-keratinized epithelium that could facili-
tate the penetration of other carcinogens (25) as well as 
the most proliferative rates among other subsites of the 
oral mucosa (26). This area was previously described as 
a transitional zone (TZ) between the epithelium of the 
dorsum and the ventral tongue (27). TZs are considered 
hazardous subsites for cancer development because they 
harbor stem cells-niches (with a permanent autorenewal 
ability) (28). That stem cells-niche could be the target of 
oxidative stress originated from chronic inflammation, 
chemical carcinogens, etc (29). In this context, a genuine 
per se replicative status of the ventrolateral tongue and 
its anatomical adjacency to different CMI sources could 
increase the risk and the frequency of OSCC in this area.
Oral carcinogenesis is a multifactorial and multistep 
process that involves initiation, promotion and tumor-
al progression. CMI could act as a local stimulus for a 
persistent hyperproliferative status of immature cells, 
characterized by its vulnerability to the genetic damage. 
Thus, CMI could be considered not only a promoter but 
also a conditioning cofactor of the initiation phase. Fig. 3 
shows a summary of the results concerning the biomark-
ers immunoexpression. In addition, it hypothesizes pos-
sible changes associated with CMI in the context of the 
multifactorial carcinogenesis. 
Fig. 3: The epithelium homeostasis of the oral mucosa involves a balance between cell differentiation and cell prolif-
eration. CMI could generate a stimulus in the increase of immature Ck19 cells (OKSC) and a continuous presence of 
these cells, known for their genomic instability, in the suprabasal layers of the oral epithelium. These cells, consid-
ered as a target of different carcinogens, are also involved in the self-renewal of the epithelium and healing events. 
An epithelial environment of hyperproliferation and cellular immaturity is generated chronically next to a wound 
with no tendency to cure. CMI could act as a promoter of oral carcinogenesis through these supposed mechanisms.
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Our results show similarities between HNCTU and 
OSCC, suggesting that a subset of both conditions could 
show an evolutive correlation. Essentially, the present 
study only proves that several NHCTU showed a risky 
scenario related to a chronic hyperproliferative and im-
mature status. Nevertheless, there are key topics to be 
answered regarding mild dysplasia in NHCTU. If those 
linger on for months or years, could that reactive chang-
es become a “true” dysplasia? More strong evidence 
should be generated using other biomarkers and/or dif-
ferent research approaches.
Conclusions
Chronic wounds were historically related to cancer but 
unresolved ulcers of the oral cavity, still lack sufficient 
evidence to accept it as a condition with potential ma-
lignant transformation. A group of non-healing CTU 
harbored immunohistochemical patterns of cell differ-
entiation and proliferation similar to those observed in 
OSCC and described in previous OPMD studies. These 
findings could be useful to start proper researches to in-
crease the evidence about this issue. Further studies are 
needed to improve the understanding of the underlying 
mechanisms observed in NHCTU and its relationship 
with oral carcinogenesis.
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